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ABSTRACT 
The world of refrigeration is now reviewing the use of hydrocarbons (R290 and R600a) as 
working fluids for heat pump and refrigeration systems. With the arrival of CFCs, in the 1930's, these 
fluids were discarded on an almost exclusively flammability criterion basis. However, the trend now has 
reversed as CFCs are being phased out. Even though their thermodynamic and transport properties have 
been extensively studied, little is known on how hydrocarbons are affected by the presence of oil. 
The present article suggests an extension of a known methodology, originally developed for CFC-
oil mixtures, to deal with hydrocarbon-oil mixtures. It features the usefulness of Raoult's law and Fiery-
Huggins polymer solution theory to tackle vapor-liquid equilibrium problems encountered in numerical 
simulation models. 
INTRODUCTION 
The search for thermodynamically sound and environmentally acceptable alternative refrigerants 
has dominated the world of refrigeration in the last ten years. There seems to be little doubt now that 
the decomposition of CFC' s in the stratosphere, releasing chlorine atoms, is the principal cause for the 
depletion of the ozone layer. And, while scientists are trying to establish the truly occurring reactions in 
the stratosphere, refrigeration engineers are looking for ecologically better fluids. Hence the revival of 
hydrocarbons as working fluids in refrigeration systems. And if they are not a panacea for all 
refrigeration applications they are, at least, viewed as a substitute for the ozone-harmful conventional 
fluids. They may even offer favorable thermodynamic or heat transfer properties but their flammability 
has to be taken in account, specially when used in domestic refrigerators (Lorentzen, 1994; Giinther, 
1994). 
Properties of refrigerant hydrocarbon-oil mixtures play a fundamental role in refrigeration 
equipment design and are an important aid in numerical simulation models which are eventually used by 
manufacturers. The presence of oil affects the thermodynamic (and transport) properties of pure 
refrigerants, altering equipment sizing and perfonnance. 
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This article describes a general methodology to correlate vapor pressure of hydrocarbon-oil 
mixtures based on a literature survey. The criteria here adopted were originally proposed by Grebner 
and Crawford (1993). 
VAPOR-PRESSURE CORRELATIONS 
Most vapor-pressure equations stem from the Clausius-Clapeyron relation. However, they are 
restricted to pure fluids. With mixtures, one has to use some other expedient. Vapor-liquid equilibrium 
is a vast subject of research in Chemical Engineering. Several models have been proposed over the 
years to deal with polar, slightly polar and non-polar mixtures at low, moderate and high pressures. 
When vapor-liquid equilibrium calculations are needed for non-polar fluid mixtures (e.g., alkanes and 
cycloalkanes) the problem is greatly simplified. 
The following hypotheses were used in order to apply simple methodologies to the mixture of 
interest: 
(i) Hydrocarbons and lubricant oil form completely miscible mixtures in the P-T range of interest 
(ASHRAE, 1994). 
(ii) The oil vapor pressure contribution can be neglected. This hypothesis is largely justified as the oil 
vapor pressure 1s very small when compared with that of the refrigerant (Spauchus, 1963; ASHRAE, 
1994). 
RAOULT'S LAW 
The simplest vapor-liquid equilibrium calculation is provided by Raoult's law : 
Y p ::= X psat I I I (1) 
where y, is the vapor phase mole fraction of component i,, xi is the liquid phase mole fraction of 
component i, p is the system total pressure and P/at is the vapor-pressure of component i and is a 
function of the temperature only. 
The attraction of Raoult's law lies in its simplicity but one should have in mind that it is only 
applicable to non-polar chemically similar fluids (e.g. R-11 and R-12 or n-pentane and iso-pentane). 
When represented on a pressure composition diagram (P-x), Raoult's law bubble curve is a straight line 
and the dew curve a hyperbola. 
FLORY-HUGGINS POLYMER SOLUTION THEORY 
Mixtures of molecules of different size, including solutions of polymers, were studied by Flory 
and Huggins (Huggins, 1958) who recognized that mixing properties of a solu.tion largely depend on 
the size of the monomer and polymer. They noticed that a property of a mixture is more accurately 
expressed in terms of volume fractions rather than the mole fractions. As a consequence, an additional 
hypothesis is included: iii) Lubricant oils are seen as polymers. This is specially true for the synthetic 
ones. 
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The activity coefficient expressions for this model are: 
(2) 
where y1 and x1 are the activity coefficients and the liquid mole fraction of monomer (refrigerant), 
respectively. And the volume fractions are defined by: 
(3) 
(4) 
n1 standing for the moles of monomer and n2 , moles of polymer with a molecular weight m times that 
of the monomer (molecular weight ratio). 
Finally, R is an empirical parameter, known as Flory parameter, whose value depends on the 
nature and composition of the system (Sandler, 1989). The vapor-pressure of the mixture can be 
correlated with the activity coefficient as follows: 
psat 
r~=~ 
pt (T) (5) 
where F1 is a correction factor whose value at moderate pressures is equal to 1, psar is the vapor rmx pressure of the oil refrigerant mixture and P1 (T) is the partial-pressure exerted by the monomer. 
The vapor-pressure equation for refrigerants R-290 and R-600a is provided by Reynolds (I 979): 
where Tk is the temperature in Kelvin and the refrigerant constants are as follows: 
R290 
R600a 
Ft F2 F3 F4 Fs F6 F7 Fs Tp Pc Tc 
-6.2309 -0.4422 -1.8839 0.3638 15.177 112.165 276.358 235.853 300 4235930 369.82 
-6.3016 0.21880-1.1288 2.2391 1.0653 9.33227 24.8368 37.1878 300 3684547 409.07 
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(6) 
COMPARISON WITH EXPERIMENTAL DATA 
A similar study (Grebner and Crawford, 1993) has shown that the Flory-Huggins model was more 
satisfactory. Results predicted from equations (2) to (6) were then compared with experimental data 
from Spauchus et al (1994). This comparison is presented as a polynomial curve fitting in figures 1 and 
2, where two types of lubricants were used: mineral (naphtenic) and synthetic (polyol ester and 
alkylbenzenic) oils. From these results it could be stated that, when the oil content is about 80% weight, 
the model should be used only for mineral oils, and with caution for synthetic ones. 
Another interesting comparison was done against Grebner and Crawford data (1993). These 
results are presented in the figures 3 to 6, where four mixtures were used: R12 with two mineral oils 
(parafinic and naphtenic) and Rl34a with two synthetic oils (polyalkilen glycol and polyol ester). One 
observes that that largest discrepancies between experiment and theory occurs for large concentrations 
of oil, above 50%, as found in the data of Spauchus et al (I 994). 
RESULTS AND CONCLUSION 
The methodology described above was applied to binary mixtures of propane (R290), figure 7, 
and isobutane (R600a), figure 8, with naphtenic oil. The shift in the saturation pressure of the working 
fluid can thus be estimated as a function of the oil content. As a final conclusion, it could be said that 
the present model can be used for numerical simulations where the oil content is less than 50 % , which 
is the case for condensers, evaporators and capillary tubes, or other expansion devices. 
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Figure 5 - Comparison with data for R134a/P AG 
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Figure 6- Comparison with data for R134a/Ester 
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Figure 8 - Results for R290/Naphtenic oil. 
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